by heating 25 .tl of serum in 0.2 ml of a glutamate buffer in a boiling water bath. After a 1-h incubation of heat-treated serum with l125T4 and 14 antibody, "free" and "bound" 14 are separated by use of hemoglobin-coated charcoal. The method has excellent sensitivity, is rapid, and possesses significant advantages over a standard competitive protein binding method with which it is compared. which has been widely copied, modified, and commercialized. With one exception (2) , current techniques require organic solvents to separate T4 from its native binding proteins before CPB analysis. The novel exception utilizes adsorption of T4 to an inorganic matrix, but the method requires serum-based standards, presumably to correct for incomplete adsorption (2) . A recent review (3) extols the virtues of radioimmunoassay (RIA) procedures over CPB analyses, and it is generally agreed that RIA is the preferred approach.
Currently, in RIA procedures for serum thyroxine (4, 5) an antibody to thyroglobulin is used that has T4 binding properties (6) . Although no real disadvantage exists, it remains, in our opinion, somewhat time consuming to rely on a double-antibody technique for the separation of "free" from "bound" T as is the case in these procedures (4, 5) . We report here a method that uses a commercially available T4 antibody produced in rabbits in response to an albumin-T4 conjugate (7) . In the procedure 25 l of serum is used, with no extraction or adsorption before analysis. "Free" and "bound" T4 are conveniently separated with hemoglobin-coated charcoal and 25 specimens can be processed completely in less than 2 h. The method is shown to yield slightly higher results than a popular CPB method, but this bias might be expected because in this RIA procedure recovery is complete in contrast to the somewhat variable recovery in any CPB method. The improved recovery and the specificity imparted by the use of a T4-antibody, constitute important advantages in favor of the RIA method. Stable for at least six months at 4 #{176}C.
Materials and Methods

Reagents
Standard diluent:
Dilute 100 ml of reagent No. 1 with 800 ml of water. Add 7.9 g of NaCl and 10 g of bovine serum albumin (Plasma Fraction V). Adjust pH to 7.4 ± 0.05 with phosphoric acid (33 mmol/liter) or KOH (0.1 mol/liter).
Dilute to 1000 ml with water. Recheck the pH and adjust if necessary. Stable for at least three months at 4 #{176}C. Glass tubes used in preparing standard dilutions and in the test procedure must be pre-rinsed with P-BAS buffer (reagent No. 3), to prevent adsorption of the sample onto the glass walls. P-BAS must be allowed to coat the entire surface of the tubes. Rinsed tubes should be inverted and allowed to drain for at least 1 h before use.
In our experience, coated glass tubes as described above are preferable to any plastic tube, including polystyrene.
Because antibodies and binding agents can become enmeshed in certain plastics, poiyethylene and polypropylene have been used in solid-phase RIA methods. Although we present no data here, we have had similar experiences with polystyrene tubes. Such undesirable losses of antibody into polystyrene can lead to erroneous "bound-free" information. Figure 1 shows a typical calibration curve. The data are nearly linear when one plots the ratio Counts, zero standard/Counts, standard or unknown vs. concentration.
Results and Discussion
The data shown include calibration curves prepared from T4 standards made up in reagent No. 3, which were diluted with glutamate buffer and then heated in a boiling water bath for 15 mm, and from fresh T4 standards made up in phosphate buffer (no albumin) and which were not boiled but simply diluted with glutamate buffer. All standards, heated and unheated, then were processed identically as indicated in the procedure. Since the standard curves are identical within the usual REA analytical limits, we conclude that T4 is stable for at least 15 mm when boiled in glutamate buffer.
With heat stability thus indicated, we elected to utilize heat denaturation to free T4 from the native serum binders before radioimmunoassay.
Murphy (8) pg/dl Fig. 1 . Calibration curves derived by use of thyroxine standards that were heat-treated (#{149}) or maintained at room temperature (x) before radioimmunoassay studied various methods of deproteinization to free hormones from their native serum binders, but, in the case of cortisol, concluded that heating in a boiling water bath for 1 mm was inadequate.
We presume that such experiences led her and others to pursue the use of organic extraction techniques in subsequent work in this field. However, Wide and Killander (9) found that vitamin B12 could be effectively released from serum by heating at 100 #{176}C for 15 mm. Thus, it appears that heat treatment can be used to release heat-stable molecules from native serum binding proteins, but that such treatment may require more than just a few minutes. In preliminary experiments we found that 15 mm in a vigorously boiling water bath was necessary to free T4 from its serum binders. Table 1 illustrates that recovery is good when a pooled serum sample is supplemented with increasing concentrations of thyroxine, and that when serum is serially diluted with the albumin-phosphate buffer, the results for T4 compare well with those obtained for serum alone (after correction for the dilution).
Thus, one can reasonably infer from such data that recovery is complete and that native serum binding proteins do not constitute a source of error. Table 2 indicates the within-run and between-run reproducibility.
Each result was calculated from a single processed specimen and not from duplicates. We are not advocating the use of single-tube assays for RIA, but the reproducibility shown does suggest that a single-tube assay yields acceptable data with this procedure. Figure 2 indicates the comparisons from T4 values for 72 patients' sera, chosen without conscious bias and tested by the proposed RIA method and by a commercial CPB method (2) . The 54 patients who were clinically normal and had normal T4 values by Based on a normal curve distribution and the regression curve ( Figure  2 ) we have derived a tentative normal range by the RIA method of 45-118 gig/liter.
The slightly higher mean value for T4 by RIA as compared with the CPB method (83 vs. 81 pig/liter) agrees with the similar bias found by Chopra et al. (5, 6) , who compared a double-antibody RIA method for T4 with a CPB technique. Furthermore, they presented evidence that the discrepancy between the results of RIA and CPB methods, especially in the case of sera from hyperthyroid patients, was caused by incomplete extraction of T4 into a butanol-ethanol mixture before CPB assay. In the case of the CPB assay we used (2) , the recovery of T4 by adsorption is about 80%, and should the percent recovery increase during storage of serum or vary from sample to sample, then the results would be slightly in error. No such effect is possible with the proposed RIA procedure, because the denatured serum proteins can no longer bind T4. To demonstrate this, we incubated heat denatured sera for 1 h with '251-T4 and subsequently treated with hemoglobin-coated charcoal. Table 3 shows that the counts for the supernate are not different from those obtained with buffer alone, indicating the inability of the serum proteins to bind added T4.
The specificity of the method is good, as would be expected when an antibody produced to a T4-albumm conjugate is used. The manufacturer has tested a number of closely related iodinated compounds for interaction with the antibody. Triiodothyronine, 10 000 pg, was equivalent to only 410 pg of thyroxine (7) . The specificity appears related to the tetra-iodo ring system because the closely related compounds represented by deletion of the amino function (3,3' ,5,5'-tetraiodo desamino thyronmne) or replacement of the aminated propionic acid residue with acetic acid (3,3',5,5'-tetraiodo thyroacetic acid) were 75% and 50% as reactive, respectively, as thyroxine (7).
The present method has many advantages:
it is rapid, sensitive (only 25 zl of serum required), and reproducible.
The antibody to T4 renders specificity, and heat denaturation completely prevents interference from native serum protein binders of T4.
